Myotonic dystrophy is a hereditary progressive muscular abnormality with dominant transmittance that was first proposed as a separate entity by Batten and Gibb (1) and by Steinert (2) in 1909. The muscular abnormality that is the dominant feature of the disease is characterized by weakness, wasting, and myotonia, especially of the facial, neck, and distal musculature. Other abnormalities frequently associated with the disease include frontal alopecia, cataracts, gonadal atrophy, low basal metabolic rate with normal thyroid function, impaired glucose tolerance, and electrocardiographic abnormalities.
Reduction in serum y-globulin concentration has been observed in patients with myotonic dystrophy by some workers (3, 4) but not by others (5) . In 1956 Zinneman and Rotstein reported decreased y-globulins in 7 of 12 patients with myotonic dystrophy (6) . It was found that the survival halftime of 1311-labeled y-globulin in six of these patients averaged 7.6 days compared to 10.5 days in controls, whereas the survival of albumin-'31I averaged 10 .2 days compared to 9.6 days in controls.
In recent years, the plasma proteins that possess immunologic activity have been the subject of intensive study. These proteins as a group are referred to as immunoglobulins and can be divided into at least three major classes. These are IgG (7 S y2-globulins), IgA (,82A-globulins), and IgM (yi-macroglobulins or f82M-globulins). Each of these fractions possesses antibody activity and cer-tain structural features in common, but can be distinguished from the others by physicochemical and immunochemical techniques. A fourth class, IgD, has recently been described and characterized (7), although antibody activity has not as yet been demonstrated for it.
Methodology now available makes it possible to quantitate serum concentrations of each of the individual immunoglobulins and to purify and label these proteins for metabolic turnover study. The present study was undertaken to evaluate the metabolism of the major immunoglobulins and albumin in 19 patients with myotonic dystrophy as compared to 11 patients with other neuromuscular diseases and to controls. The serum concentration, total exchangeable protein pools, and rates of degradation and synthesis of these proteins were determined. We found that patients with myotonic dystrophy have a unique error in immunoglobulin metabolism, an isolated hypercatabolism of IgG.
Methods
Patients. Immunoglobulin concentrations were determined in the sera of 19 patients with myotonic dystrophy. The metabolic turnover of the immunoglobulins and albumin was studied in 15 of these subjects. The latter ranged in age from 32 to 59 years; they included 9 men and 6 women. The average duration of disease was 13 years and ranged from 7 to 31 years. Each of the. patients had myotonia, muscular weakness, and wasting, most pronounced in the facial, neck, and distal musculature. A positive family history was elicited in 14 of 15 patients, and premature balding was seen in 12 of the 15; in the remaining patients these findings were questionable. In 14 of 15 patients cataracts were found. Muscle biopsies were abnormal in 13 of the 15, and electromyography demonstrated myotonia and evidence of myopathy in all of the patients. Electrocardiograms showed a high incidence of conduction defects and T-wave abnormalities. Paper electrophoresis of the sera of the 15 patients gave y-globulin concentrations averaging 0.7 g per 100 ml and ranging from 0.3 to 1.3 g per 100 ml (normal range, 0.6 to 2.0 g per 100 ml). The concentrations of ai-, a-, and ,8-globulins fell within normal limits in all patients. Fibrinogen, ceruloplasmin, and transferrin concentrations were likewise normal. Protein-bound iodine values were all in the normal range, but basal metabolic rates were uniformly from 10 to 30% below normal.
Protein turnover studies were also carried out in 3 patients with amyotrophic lateral sclerosis, 3 with nonmyotonic types of adult muscular dystrophy, 3 with myotonia congenita, and 2 with paramyotonia congenita. Control studies were performed in normal adult volunteers. The clinical condition of each of the patients was stable throughout the period of study. None developed clinical infection or received corticosteroid therapy, and all were maintained on an adequate diet during the period of study. All subjects had normal hepatic and renal function tests, and none had proteinuria.
Immunoglobulin concentrations. Serum immunoglobulin concentrations were determined by a recently described immunodiffusion technique (8) . Samples were placed into wells of constant size in agar plates made with antiserum specific for an individual immunoglobulin incorporated into the agar.' The diameter of the precipitin ring formed by each serum sample was compared to the diameter obtained from dilutions of a reference standard.2 Immunoglobulin concentrations thus obtained were compared to those of a panel of 50 control sera.
Total serum proteins were determined by a biuret reaction, and albumin concentration was determined by paper electrophoresis.
Preparation of labeled proteins. Preparations of IgG were obtained from both normal and myotonic dystrophy sera by DEAE cellulose chromatography by modifications of a technique previously described (9) The serum used in preparation of IgAO was obtained from a patient with markedly elevated serum IgA concentration (2 g per 100 ml), all of type lambda L chain specificity. This elevation has been observed for 7 years without additional evidence of myeloma or other neoplastic disease. The details of preparation and characterization of the IgA are described elsewhere (11) . Two IgA preparations were used for metabolic turnover. The first of these contained 85% IgA and approximately 15%
IgG as a contaminant, and the second contained approximately 90% IgA and 10% transferrin as a contaminant. These preparations were labeled with 'I and 'I, respectively, and studied simultaneously.
Iodination of each of the above preparations and serum albumin7 was performed with either 'I or 1"I by the iodine monochloride technique of McFarlane (12) . All preparations were calculated to have an average of less than one atom of iodine per molecule of protein in the final product. This product contained less than 1% nonprecipitable radioactivity. Normal human albumin was added to each preparation to prevent damage to the protein by self-irradiation, and the mixture was sterilized by filtration. Albumin-3Cr and IgG-31Cr were prepared with 31CrCls by a previously described technique (13) .
Study protocol. Each patient was admitted to the National Cancer Institute or the National Institute of Neurological Diseases and Blindness during the study period. Ten drops of Lugol's solution was administered three times daily throughout the study period to prevent thyroidal uptake of the released isotope. Serum immunoglobulin concentrations and albunmin concentrations were obtained at intervals throughout the study period to verify that each patient was in a steady state. Turnover studies of the protein preparations were done either simultaneously or sequentially. From 10 to 50,c of the iodinated proteins was administered intravenously from a calibrated syringe, and serum samples were obtained 10 minutes after administration and daily thereafter.
Stool specimens and urine were collected in 24-hour lots. Serum and urine samples were counted with appropriate standards to within ± 3% counting error in an automatic gamnma ray well type scintillation counter with a thalliumactivated sodium iodide crystal. When two isotopes were studied simultaneously, they were differentiated with a pulse height analyzer.
The patients were evaluated for gastrointestinal loss of protein with albumin-tmCr according to methods previously described (13) . From 10 to 30 juc of albumin-tCr was administered intravenously, and subsequent daily serum and stool collections were made as above. Stools were brought to a constant volume, homogenized, and counted with appropriate standards in a gamma ray bulk counter employing two 2-inch thallium-activated sodium iodide crystals.
Calculation of data. The turnovers of the iodinated proteins were analyzed according to modification of the methods of Berson, Yalow, Schreiber, and Post (14) and Pearson, Veall, and Vetter (15) . The calculations are summarized by the following equations: Plasma volume (milliliters per kilogram) = radioactivity administered/ [radioactivity per milliliter plasma at 10 minutes X body weight (kilograms)]. Radioactivity retained in the body = radioactivity administered minus cumulative radioactivity excreted.
Plots of the plasma radioactivity and the total radioactivity retained in the body were constructed on semilogarithmic graph paper, and the survival half-times of the labeled proteins were determined graphically. Frac This fraction was determined for each day, and the mean value for days 3 to 15 was used in the following calculation: turnover rate = total circulating protein X fraction of the circulating protein catabolized per day. Since the concentration of each of the plasma proteins studied remained constant throughout the period of study, the assumption of a steady state was considered to be valid, and the synthetic rates for the proteins were considered to be equal to the turnover rates.
The albumin-'Cr results are expressed both as the per cent of injected isotope recovered in the feces during the first 4 days after injection and as the gastrointestinal clearance of albumin-tCr determined during the period of days 2 to 10. The calculations are summarized below: Gastrointestinal clearance of albumin-5'Cr (milliliters per day) = radioactivity excreted in the stool per 24-hour period/mean radioactivity per milliliter plasma 1 day before collection period. This value assumes a transit time of approximately 1 day between any secretion of labeled protein into the gastrointestinal tract and its appearance in the stool. The daily gastrointestinal loss of albumin is then expressed as a fraction of the circulating protein pool, using the plasma volume determined by separate study with an iodinated protein. * Serum concentration determined in 13 patients, iodinated-albumin studies in 9 patients, and chromium-albumin studies in 10 patients. All 15 patients had either an iodinated-albumin or chromium-albumin study or both. The total circulating and exchangeable pools, the survival half-times, and the turnover rates of albumin, IgM, and IgA in subjects with myotonic dystrophy were comparable to those in control subjects (Tables II, III, and IV) . No pathologic gastrointestinal loss of protein was demonstrated with 51Cr-labeled albumin, and in one subject with 51Cr-labeled IgG.
Four IgG preparations were obtained from 4 patients with myotonic dystrophy. Each preparation was labeled and injected into the patient from whom it had been obtained and into a normal control subject. This IgG was catabolized normally in the controls, but in the patients with myotonic dystrophy it was catabolized at an accelerated rate comparable to that of IgG from a normal donor ( Figure 3 and Table V) . Thus, host factors appear to be responsible for the accelerated breakdown of IgG, rather than an abnormality of the IgG itself. Discussion Serum IgG concentrations have been demonstrated to be significantly reduced in the group of There are three major factors that determine the concentration of a protein within the plasma. They are the rate of synthesis, the distribution in the body, and the rate of breakdown of the protein.
Defective synthesis of IgG and the other immunoglobulins has been demonstrated to be the fundamental defect in congenital hypogammaglobulinemia of either the sex-linked or sporadic type, and acquired hypogammaglobulinemia of idiopathic origin, or that associated with lymphoreticular malignancies (16) (17) (18) (19) (20) (21) . Defective IgG synthesis has also been demonstrated in patients with dysgammaglobulinemia who have reduction in serum IgG and IgA with normal or increased levels of IgM (22) . In these patients with defective IgG synthesis, the survival of IgG has been normal or prolonged.
Reduction of plasma IgG concentration may also result from an altered distribution of the protein. This mechanism may be observed in patients with markedly increased plasma volumes or in those with accumulation of protein in extravascular sites, as in malignant effusions.
Hypogammaglobulinemia associated with apparent shortened survival of IgG has been observed in patients with protein-losing enteropathy and with nephrosis (16, 18) . These syndromes are characterized by bulk loss of the plasma proteins into the urine or gastrointestinal tract. The IgG metabolism observed in myotonic dystrophy is not comparable to that of these protein-losing disorders, since the survival of IgA, IgM, and albumin was normal. In addition, no urinary protein was observed in these patients, and tests for gastrointestinal protein loss with 51Cr-labeled albumin and IgG were negative. Thus, the defective metabolism observed in myotonic dystrophy does not represent an actual loss of plasma proteins from the body, but rather appears to be an endogenous defect of catabolism specific for the single protein IgG.
A number of other inherited diseases have been associated with significant reduction in one or more plasma proteins. However, in each instance studied, the basic disorder has been that of defective synthesis, with normal or prolonged survival of the affected proteins. Normal survival has been observed for fibrinogen in afibrinogenemia (23) , ceruloplasmin in Wilson's disease (24) , and IgM and IgA in agammaglobulinemia (10, 25) . The survival of albumin in analbuminemia (26) (27) (28) and IgG in agammaglobulinemia (16) (29, 30) and by the newborn gut in certain species (31) (32) , liver disease (33) , and multiple myeloma (9, 34), or after infusion of IgG (35, 36) .
To explain these phenomena, Brambell, Hemmings, and Morris have recently postulated that there is within the body a saturable system of protector sites, specific for IgG (37) . If a given number of IgG molecules could temporarily be bound by such a system and protected from ca-tabolism, increasing concentrations of IgG would result in a larger fraction of the total body IgG available for catabolism, and thus the fractional catabolic rate would be higher. The reverse would hold for a very low IgG concentration, with a relatively small fraction of the total IgG available for catabolism. These studies in myotonic dystrophy patients contain no direct evidence pertaining to this hypothesis. However, it might be observed that the extreme IgG elevations seen in patients with multiple myeloma should result in protection of only a negligible fraction of the total IgG, and catabolic rates should thus approximate a theoretical state lacking such a protective system. Yet the fractional catabolic rates of 8 of the 15 patients with myotonic dystrophy exceeded any of those seen in patients with multiple myeloma possessing such elevations (9) . Thus it appears unlikely that IgG hypercatabolism in myotonic dystrophy results from an absence or abnormality of such protector sites.
It has been observed that some patients with rheumatoid arthritis catabolize 131I-labeled IgG at an accelerated rate. Some of the radioiodinated IgG in such patients was found to be associated with intermediate sedimenting complexes (38) . No evidence was obtained to suggest that this is so in myotonic dystrophy. A serum sample obtained from a patient with myotonic dystrophy 18 hours after administration of labeled IgG was passed over a column of Sephadex G-200. The radioactivity in the effluent was found to coincide with the middle protein peak, the expected position for unaggregated IgG. An attempt was also made to demonstrate the presence in myotonic dystrophy serum of substances that might render IgG susceptible to rapid catabolism. Labeled IgG was incubated at 370 C overnight in 10 ml of sterile serum from a patient with myotonic dystrophy and then injected into a subject with amyotrophic lateral sclerosis. However, the subsequent turnover was normal, with a survival half-time of 21 days and no evidence of a rapidly catabolized fraction.
Thus, although several characteristics of this host defect in IgG catabolism can be defined, its exact nature remains obscure. Until more is known of the normal mechanism of catabolism of IgG, it is not clear whether this abnormality represents an acceleration of a normal process or the addition of a new mechanism. It is hoped that further studies of this phenomenon will shed light both on the factors affecting normal IgG catabolism and the nature of the fundamental defects in myotonic dystrophy.
Summary
The serum concentrations and metabolic turnover of each of the individual immunoglobulins and albumin have been evaluated in 15 patients with myotonic dystrophy. Concentrations of IgG were significantly reduced with a mean of 7.2 mg per ml compared to 12.1 + 2.6 mg per ml in controls. Normal serum concentrations and rates of catabolism were observed for albumin, IgM, and IgA.
The catabolism of normal IgG was accelerated in patients with myotonic dystrophy, with survival half-times averaging 11.4 days compared to an average of 22.9 days in controls. An average of 14.0%o of the circulating IgG was catabolized daily, compared to 6.68 ± 1.52%o in controls. IgG isolated from patients with myotonic dystrophy had a similar accelerated catabolism in these patients but a normal survival in controls. Since the rates of synthesis of IgG were normal, the reduced serum levels were entirely accounted for by increased breakdown. None of the 11 patients with other neuromuscular diseases had accelerated catabolism of IgG. Thus, patients with myotonic dystrophy have a unique immunoglobulin abnormality-an isolated hypercatabolism of IgG.
